ABSTRACT
INTRODUCTION
Cocoa (Theobroma cacao L.) is a cash crop of huge economic significance in the world and the key raw material for chocolate manufacturing. It forms the major agricultural export commodity for several producing countries in West and Central Africa, such as Cote d'Ivoire, Ghana, Nigeria and Cameroon. Cocoa belongs to the family of Sterculiaceae and the genus Theobroma [1] . About 70% of the world's cocoa production takes place in the equatorial region of West Africa, and the rest in the equatorial regions of Central and South America, the West Indies, and tropical areas of Asia [2] . However, while global demand for sustainable cocoa is growing annually by 2 to 3%, and West Africa still contributes about 70% of the global supply, this region is confronted with a 2% annual decline in production. Polyphenols in cocoa beans have been reported to exhibit anti-carcinogenic, anti-atherogenic, and vasodilatory effects and they exert them mainly as antioxidants [1] .
Polyphenol oxidases (PPOs) are copper containing oxidoreductases that catalyze the hydroxylation and oxidation of phenolic compounds in the presence of molecular oxygen. Previous studies has shown that polyphenol oxidase (PPO; 1, 2-benzenediol: oxygen Oxidoreductase; EC 1. 10. 3.1) is widely distributed in plants and microorganisms. In plants, PPOs are located mainly in thylakoid membrane of chloroplasts and mitochondria [3] . The larreatricin hydroxylase with (EC 1.14.99.47) is an enantiospecific polyphenol oxidase [4] .
Many researchers have studied the polyphenol oxidase isolated from various sources such as the sweet potato, banana, apple, kiwi fruit, avocado, grape, mango, edible burdock, head lettuce, pear; palmito, cocoa bean, oil bean, rooster potato and yams [5] . Due to its involvement in adverse browning of plant products, polyphenol oxidase has received much attention from researchers in the fields of plant physiology and food science. Positively, polyphenol oxidase enzymes have significant applications in many areas such as food, medicine, and industry. In food processes, polyphenol oxidase has been mainly used for enhancement of the flavour in tea, coffee and cocoa. The protein-polyphenol interactions and associated changes had been reviewed by ozdal et al [6] .
The PPO presence and activity during fermentation and drying of cocoa beans is responsible for the development of flavor precursors, starting during the oxidation phase of fermentation and continuing during drying [7] . PPO activity is also implicated in the reduction of bitterness and astringency of cocoa flavor [8] .However, the browning in cocoa is beneficial to some extent as it enhances the quality of the beverages through its forming flavorful products [5] .The PPO of cocoa bean has been studied by several groups, showed that it lacked the hydroxylation properties and act only on odiphenols. Diphenolase activity is generally the most prevalent form of PPO in higher plants [5] .Using catechol as substrate, the optimum pH of 6.8 [9] , 5.8 [8] , and optimum temperature of 45ºC with half life of 5mins, with molecular weight of 30kDa [9] , has been reported. Putra et al [10] There are few sequences of PPO from cocoa that are available in the bioinformatics databases as at the time of this study. The two most completed sequences of Uniprot id: A0A061GEN3 (A0A061GEN3_THECC) and A0A061GFY3 (A0A061GFY3_THECC) are used in this study. At the time of this study, there is no bioinformatics analysis of PPO enzyme from cocoa. In this study, the bioinformatics analysis results of PPO from cocoa were aligned with its wet laboratory experimental results, areas of equality were identified, possible implicated disease was examined and an area of future research was provided.
MATERIALS AND METHODS

PPO Pathway Analysis
The pathway of action of polyphenol oxidase in an organism metabolism was obtained from www.kegg.jp.
Sequence Retrieval and Homology Analysis
Two sweet potato PPO sequences were obtained from UniprotKB/Swiss-prot with ID: A0A061GEN3 (A0A061GEN3_THECC) which has 605 amino acid residues and A0A061GFY3 (A0A061GFY3_THECC) which has 618 amino acid residues. The homologs having minimum 68.5% identity were extracted by blastp of A0A061GFY3 from the Uniprot database, and they were stored as FASTA format for further analysis.
Physicochemical Analysis
The sequence physicochemical statistics such as theoretical molecular weight, isoelectric point, and hydropath plot of A0A061GFY3 and A0A061GEN3 was obtained using EMBOSS Pepstat and EMBOSS Pepwindows, at default setting.
Phylogenetic Analysis
Multiple sequence alignment was carried out on each enzyme and its homologs by using ClustalO, at default setting. The phylogenetic tree was obtained in cladogram and the tree data was then used to visualize the real phylogeny at phylo.io.
Local Alignment Analysis
The local alignment was carried using EMBOSS Matcher. The FASTA format of the two PPO sequence were run using A0A061GFY3 and A0A061GEN3 as query respectively against the sequence of a distant homolog K4CMI6, obtained from interactive database searching of each A0A061GFY3 and A0A061GEN3 sequence using HMMER [11] .
Orthology Analysis
The orthologs of A0A061GFY3 and A0A061GEN3 were obtained through OMAbrowser. The FASTA format of was A0A061GFY3 saved. ClustalO was used for the alignment and phylogenetic tree construction, and the phylogeny was visualized at phylo.io.
Evolution Distance Analysis
Each of the sequence of A0A061GFY3 and A0A061GEN3 that was retrieved from Uniprot, was entered into the blastp of NCBI. The query was run against SWISS-PROT database. The BLAST Tree View for Fast Minimum Evolution was obtained [3] .
Structural Analysis
The tertiary structure of A0A061GFY3 and A0A061GEN3 was modeled separately using SwissModel. The template with the highest quality and identity was selected for model building [12] [13] [14] .
RESULT AND DISCUSSION
Polyphenol oxidase functions in an organism pathway involving tyrosine metabolism, for the Isoquinoline alkaloid biosynthesis and melanin biosynthesis (Figure 1) . The actual steps for PPO action involve the production of dopaquinone and L-DOPA from tyrosine, and dopaquinone from L-DOPA.
The experimental info from Uniprot showed that both A0A061GFY3 and A0A061GEN3 has posttranslation modification involving two disulphide bond and a cross-link of 2'-(S-cysteinyl)-histidine (Cys-His), within closed range of amino acid residues. The sequence statistics and hydropathy plot for both PPO sequence of cocoa were shown in Table 1 and Figure 2 respectively. Isoelectric point, the pH at which a particular molecule carries no net electrical charge, is an critical parameter for many analytical biochemistry and proteomics techniques, especially for 2D gel electrophoresis (2D-PAGE), capillary isoelectric focusing (CIEF), Xray crystallography and liquid chromatographymass spectrometry (LC-MS) [15] . The optimum pH depends on the amino acid components of active site while the isoelectric point depends of the full enzyme primary and tertiary structure.
The isoelectric point determines a protein's minimum solubility level due to protein-protein interactions being favoured over protein-water interactions [16, 17] . An analysis of 9596 structures obtained from the PDB suggested a link between a protein's pI and the pH at which it would crystallize. It was found that acidic proteins tended to crystallize 0-2.5 pH units above their pI, whereas basic proteins crystallized 0.5-3.0 pH units below their pI [18] . The structure of the PPOs obtained in this study ( Figure 7 ) was identical with the crystal structure of Grenache grape (Vitisvinifera) polyphenol oxidase [19] , which was derived from the cDNA and has computed molecular weight of 67kDa and 607 amino acid residues. The mass of the crystallized protein appears to be only 38.4kDa. Therefore, it could be rightly predicted that cocoa PPO will has crystalline mass in the same range. This validates the molecular weight of 30kDa [9] , 36.03kDa [10] from the SDS-PAGE of cocoa beans PPO enzyme, possibly of different cocoa species.
The PPO blastp result of A0A061GFY3 that has minimum of 86.5% identity include the polyphenol oxidase or uncharacterized protein from the following plants; Q66NX3 (Populustrichocarpa), V4UJN9 (Citrus clementina), A0A067GK93 (Citrus sinensis), G0ZAL2 (Populuseuphratica), A0A0D2VFA6 and A0A0D2RZ91 (Gossypium raimondii), A0A023GU59 (Litchi chinensis), A0A0G3EXV0 (Dimocarpus longan), H2FH89 (Canarium album), and A0A061GMJ6 (Theobroma cacao). The conserved regions were observed from multiple sequence alignment at different segments of amino acid residues among the homologs, and a typical segment is showed in figure 3 . The phylogeny of the PPO from cocoa can be found in figure 4 .
A distant homolog with Uniprot/Swissprot Id: K4CMI6, an uncharacterized protein from Solanum lycopersicum (Tomato) (Lycopersicon esculentum), which has 1,806 amino acids residues, was obtained by HMMER, a hidden markov model algorithm which has been shown to has more predictive power [11] . The extent of similarity and identity of this distant homolog with cocoa PPO are showed in Table 2 .
Based on our curiosity, an exploratory search for the link between cocoa and tomato at the junction of PPO was done in the literatures. The result reveled a disease common to both plants, Witches Germinated basidiospores form swollen monokaryotic hyphae that grow intercellularly and feed on nutrients derived from the plant apoplast. In contrast with many (hemi)biotrophs, M. perniciosa does not employ nutrient-absorbing structures (e.g., haustorium and invasive hyphae), and it manipulates host metabolism to increase nutrient availability in the site of infection. In the late stages of WBD, M. perniciosa grows intracellularly as a necrotrophic mycelium, which is dikaryotic and exhibits clamp connections for nuclear transfer. Interestingly, the closest species toM. Perniciosa evolutionarily, M. roreri, is also a cacao pathogen that exclusively infects the host fruits [20, 22] .
M. perniciosa is found in association with other plant species in the genus Theobroma and in plants from unrelated families such as Solanaceae. Tomato PPO gene family PPOF, is not only differentially activated in response to abiotic and biotic elicitors, but also exhibit differential cellspecific responsiveness to various signaling molecules, such as salicylic acid, jasmonate and ethylene [23] . Polyphenol oxidases (PPO) catalyze the oxidation of phenols to quinones which is ubiquitous among angiosperms and is assumed to be involved in plant defense against pests and pathogens [24] . But in the case of WBD, the pathogen takes over the plants and over-expressed PPO, which leads to accumulation of melanin instead of chlorophyll and other appropriate pigments, on the fruit and the leaves.
The number of orthologs (which include close paralogs as well) obtained for A0A061GFY3 and A0A061GEN3 was 56 and 51 respectively, both having domains including bacteria and eukaryote organisms including Sorghum bicolor, Zea may, Manihot esculenta and Vitis vinifera among others, as showed in figure 5 . Since the orthology does not defined evolutionary distance, the Fast Minimum Evolution (Figure 6 ) provides the overview of the evolutionary similarity. The PPO of cocoa (Theobroma cacao) belongs to the taxonomic lineage of Eudicots. A0A061GFY3 showed evolutionary relationship with the proteins ( Figure  6 ) from basidiomycetes, ascomycetes, gastropods, cephalopods, bivalves, nematodes, high GC Gram+ bacteria and a-proteobacteria, amphibians, rodents and primates. This result is closely similar to the report of PPO from sweet potato [3] . 
CONCLUSION
The industrial processing of cocoa requires that the polyphenol oxidase is rightly maintained at the optimum condition in order to achieve best product quality in terms of sensory characteristics.
The possible adjuncts could be from the homologs such as Citrus sinensis, Canarium album, Solanum lycopersicum among others. Although WBD is still absent in West Africa, which currently accounts for nearly 70% of all cacao, produced in the world. In the prevention and control of WBD, a devastating
